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Abstract. Conventional agriculture faces challenges such as limited land 
availability and inefficient water usage, particularly in urban areas. 
Aeroponics offers a soilless cultivation method using nutrient mist spraying 
but requires precise environmental control. This study designs and 
implements an Arduino Uno–based automated aeroponic system to control 
air temperature, air humidity, light intensity, and water level, as well as to 
evaluate sensor accuracy and compare plant growth with a conventional 

system. The system integrates DHT22, BH1750, and HC-SR04 sensors with 
a microcontroller and LCD for real-time monitoring and control. 
Experimental results demonstrate that the system can automatically maintain 
environmental parameters within suitable ranges. Sensor accuracy testing 
shows that the DHT22 sensor produced average errors of 0.42% for air 
temperature and 1.95% for air humidity. The BH1750 sensor exhibited 
average errors of 3.34% in light intensity measurement. Furthermore, the 
automated aeroponic system resulted in better water spinach growth than the 

conventional system, indicated by improved stem height, leaf length, leaf 
width, and number of leaves. This system provides a practical solution for 
efficient aeroponic cultivation at household and small-scale agricultural 
levels.  

1 Introduction 

Vegetables are essential agricultural commodities that are consumed daily to fulfill human 

nutritional needs. However, conventional cultivation practices still rely heavily on synthetic 

fertilizers and pesticides to maintain crop quality and productivity. Excessive use of these 

chemicals can pose serious risks to the environment and human health due to chemical 
residues on agricultural products [1]. In addition, conventional farming requires large areas 

of fertile land and high-water consumption, making it less suitable for urban regions where 

land availability is increasingly limited. These challenges highlight the urgent need for 

alternative cultivation methods that are more efficient, environmentally friendly, and 

sustainable [2]. 
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 Soilless farming systems, such as hydroponics, aquaponics, and aeroponics, have 

emerged as promising solutions to address these issues [3]. Among these methods, 

aeroponics is considered one of the most advanced cultivation technologies, allowing plants 

to grow with their roots suspended in air and periodically sprayed with nutrient-rich mist. 

This system enhances oxygen and nutrient absorption by plant roots, resulting in faster 

growth and higher efficiency compared to conventional methods. Furthermore, aeroponic 

systems enable precise control of environmental parameters, including temperature, 

humidity, light intensity, and nutrient delivery, which are critical factors for optimal plant 
growth [4, 5]. 

 Several studies have investigated environmental control in aeroponic systems. Root-zone 

temperature control has been applied to mitigate high-temperature stress in aeroponic potato 

cultivation [6]. Humidity regulation using mechanical components has also been examined 

[7], while the use of RGB LED lighting to support photosynthesis has been explored [8]. 

Despite these contributions, existing studies generally address individual environmental 

parameters and lack comprehensive integration. Moreover, many aeroponic systems still rely 

on fixed-time control strategies or manual operation, which limits adaptability to dynamic 
environmental conditions and may lead to inefficient use of water, energy, and nutrients [9, 

10]. 

To address these limitations, this study proposes a novel integrated aeroponic automation 

system based on an Arduino Uno microcontroller. The system simultaneously monitors and 

controls multiple environmental parameters, including temperature and humidity, light 

intensity, and nutrient solution level, using appropriate sensors. By processing real-time 

environmental data, the system automatically regulates irrigation and environmental 

conditions according to plant requirements. This integrated approach is expected to improve 
water and nutrient efficiency, enhance plant growth performance, and reduce manual 

intervention, thereby supporting sustainable urban agriculture and efficient cultivation in 

limited land areas [11–13]. 

2 Material and methods 

2.1 Materials 

This research was conducted at the K.H. Hasyim Asy’ari Building, Physics Study Program, 
Faculty of Mathematics and Natural Sciences, Universitas Negeri Jakarta, over a period of 

15 months from October 2024 to December 2025, using a Research and Development (R&D) 

approach based on the ADDIE model (Analysis, Design, Development, Implementation, and 

Evaluation) to develop and validate an automated aeroponic system.  The system 

configuration is shown in Figure 1, which illustrates the aeroponic pond with dimensions of 

150 × 52 × 27 cm, aeroponic reservoirs, real-time clock (RTC), HC-SR04 ultrasonic sensor, 

BH1750 light intensity sensor, DHT sensor, microcontroller, and LCD display. The 

aeroponic pond functioned as the cultivation chamber for water spinach plants, while the 
RTC regulated irrigation scheduling, the HC-SR04 sensor monitored nutrient water levels, 

the DHT sensor measured air temperature and humidity, and the BH1750 sensor measured 

light intensity. All sensor data were processed by the microcontroller and displayed in real 

time on the LCD, enabling continuous monitoring and control of key environmental 

parameters, including air temperature, air humidity, light intensity, nutrient water level, and 

irrigation time intervals. 
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Fig. 1. Aeroponic Pond, RTC, HC-SR04 Sensor, BH1750 Sensor, DHT Sensor, Aeroponic 
Reservoirs, Microcontrollers and LCD of the System. 

To serve as a baseline for evaluating the automated system, a conventional cultivation 

system was established under identical physical dimensions and environmental exposure. 

Both systems housed an equal number of plants (20 specimens each) to ensure a fair 
comparison. Unlike the automated system, the conventional setup did not utilize any sensors 

or automated actuators for environmental control. Instead, routine maintenance was 

performed manually based on standard local farming practices. 

2.2 Hardware 

 

Fig. 2. System Overview. 

Based on Figure 2, the hardware system consists of several sensors and actuators integrated 

with an Arduino Uno microcontroller to enable automated monitoring and control of the 

aeroponic environment. The sensors used in this system include a DHT22 sensor for 

measuring air temperature and humidity, an HC-SR04 ultrasonic sensor for monitoring the 

nutrient water level in the reservoir, and a BH1750 sensor for measuring light intensity. A 
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Real Time Clock (RTC) module is employed to synchronize system operations according to 

predefined time schedules, particularly for irrigation control. The overall configuration and 

interconnection of these components are illustrated in Figure 2, which presents the system 

overview. 

The actuators utilized in the system include a DC water pump for nutrient circulation and 

water refilling, mist sprayer pumps for root and leaf irrigation, a mini exhaust fan for air 

circulation and temperature regulation, and LED grow lights as an auxiliary light source. All 

actuators are controlled via relay modules connected to the Arduino Uno, allowing automatic 
operation based on sensor readings and time schedules. System monitoring results and 

operational status are displayed in real time on an LCD screen, while power is supplied 

through AC and DC power sources to support the operation of the sensors, microcontroller, 

and actuators. 

2.3 Design and development of system 

 

Fig. 3. System Flow Process. 
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Sensor readings are continuously processed by the Arduino Uno microcontroller to regulate 

environmental conditions in the aeroponic system. As illustrated in Figure 3, the DC water 

pump is activated when the nutrient water level falls below 12 cm. Temperature control is 

performed by activating the mini exhaust fan when the air temperature exceeds 28 °C, while 

the leaf sprayer operates when air humidity drops below 80%.  

Root irrigation is carried out automatically at 10-minute intervals to maintain adequate 

root moisture. In addition, the LED grow light is activated when light intensity is below 1500 

lux within the operational period from 08:00 to 16:00. All sensor readings and actuator 
statuses are displayed in real time on the LCD for monitoring purposes. The operation of the 

entire system is managed by the Arduino Uno microcontroller, which executes predefined 

control logic based on sensor data and time scheduling. This automated configuration enables 

continuous regulation of air temperature, air humidity, light intensity, nutrient water level, 

and irrigation timing without manual intervention. Consequently, the system improves 

operational efficiency, ensures stable environmental conditions, and supports optimal plant 

growth through real-time monitoring and control. 

3 Result and discussion 

3.1 Sensor Accuracy 

In this research, the DHT22 sensor was validated by comparing its measurements with those 

obtained from a standard thermohygrometer. The evaluation was conducted within a 

temperature range of 27.5–37 °C and a humidity range of 69–81% RH. The results, presented 

in Table 2 and Table 3, indicate that the DHT22 sensor achieved an average measurement 

error of approximately 0.42% for air temperature and 1.95% for air humidity. These results 
confirm that the DHT22 sensor provides reliable and accurate measurements for monitoring 

environmental conditions in aeroponic systems, which is essential for maintaining optimal 

plant growth. 

Table 2. Test results of the DHT22 air temperature sensor. 

DHT22 
(°C) 

Thermohygrometer 
(°C) 

Error 
(%) 

DHT22 
(°C) 

Thermohygrometer 
(°C) 

Error 
(%) 

37.9 37.6 0.79 31.5 31.6 0.31 
35.6 35.9 0.83 31.2 31.0 0.64 
35.4 35.5 0.28 28.8 29.0 0.68 
35.1 35.0 0.28 28.2 28.2 0 
34.8 34.8 0 28.1 28.1 0 
34.6 34.3 0.87 27.8 27.7 0.36 
33.3 33.3 0 27.7 27.5 0.72 
32.9 32.7 0.61 Average 0.42 

Table 3. Test results of the DHT22 air humidity sensor. 

DHT22 
(%) 

Thermohygrometer 
(%) 

Error 
(%) 

DHT22 
(%) 

Thermohygrometer 
(%) 

Error 
(%) 

70 71 1.40 69 71 2.81 
70 71 1.40 69 71 2.81 
70 72 2.77 76 76 0 
70 73 4.10 76 77 1.29 
69 70 1.42 78 78 0 
69 71 2.81 81 79 2.53 

 Average 1.95 
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The accuracy of the BH1750 light intensity sensor was assessed by comparing its 

measurements with those obtained from a digital luxmeter. The validation was conducted 

over a light intensity range of 227.50–1665.00 lux. As reported in Table 4, the BH1750 sensor 

demonstrated an average measurement error of approximately 3.34%. These findings 

indicate that the BH1750 sensor is reliable for monitoring light intensity and capable of 

supporting optimal photosynthetic conditions in the aeroponic cultivation system.  

Table 4. Test results of the BH1750 light intensity sensor. 

BH1750 
(lux) 

Luxmeter (lux) Error (%) BH1750 
(lux) 

Luxmeter (lux) Error (%) 

353.33 375 5.77 930.83 937 0.65 
436.67 474 7.87 1077.50 1106 2.57 
522.50 532 1.78 1198.33 1241 3.43 
526.67 527 0.06 1665.00 1686 1.24 
594.17 557 6.67 Average 3.34 

3.2 System Performance and Plant Growth Evaluation 

Figure 4 presents an overview of the aeroponic automation system during operation. The 

system continuously monitors several environmental parameters, including air temperature 

(°C), relative humidity (%), light intensity (lux), and water level (cm), and automatically 

controls the system through the activation of corresponding actuators. All sensor readings, 
along with the operational status of each actuator (ON or OFF), are displayed on the LCD 

interface, providing a comprehensive real-time overview of the system’s performance under 

different operating conditions. 

 

Fig. 4. System overview. 

The time-series data obtained from continuous real-time monitoring of the aeroponic 

automation system over several consecutive days, starting on 21 December 2025, are 

presented in Figure 5. The monitored parameters include temperature (°C), relative humidity 

(%), water level (cm), and light intensity (lux). These data reflect the system’s behavior under 

actual operating conditions and allow evaluation of parameter stability, actuator response 

patterns, and the effectiveness of the automated control logic during extended operation.  

Based on Figure 5, the aeroponic automation system performed continuous 

environmental monitoring from 21 December 2025 to 07 January 2026. The observed 
parameters included air temperature, relative humidity, light intensity, and nutrient reservoir 

water level. The recorded data indicate that the system was able to capture real-time 

environmental variations and maintain operating conditions within acceptable ranges for 

aeroponic cultivation. 

6

EPJ Web of Conferences 377, 02002 (2026) https://doi.org/10.1051/epjconf/202637702002

IPS 2026



 

Fig. 5. Sensor Monitoring Data. 

During the monitoring period, air temperature ranged from 25.5 °C to 36.2 °C, with an 

average value of 30.81 °C. The temperature exhibited a consistent diurnal pattern, increasing 

during daytime hours and decreasing during the morning and evening, primarily influenced 
by variations in solar radiation. Despite daily fluctuations, no abrupt temperature spikes were 

observed, indicating relatively stable thermal conditions within the tolerance range for 

aeroponic plant growth. 

As indicated by the monitoring data, the relative humidity frequently dropped below the 

80% threshold during midday hours (reaching a minimum of 49%), which consequently 

triggered the leaf sprayer actuator. Based on the system logs, the leaf sprayer was activated 

approximately 15 to 20 times per day during daylight hours. This frequent activation resulted 

in an estimated daily water consumption of 2.5 liters for the misting process. 
This activation pattern was both expected and highly appropriate for the cultivated crop, 

water spinach (Ipomoea aquatica). As a semi-aquatic plant, water spinach is highly 

susceptible to heat stress and wilting under high light intensity and low humidity. The 

frequent targeted misting during midday effectively maintained the leaf surface 

microclimate, preventing dehydration. Furthermore, from a water efficiency perspective, 

although the sprayer activated frequently, the automated system only dispensed water when 

absolutely necessary to cross the 80% threshold. Compared to scheduled manual watering, 

this sensor-driven approach ensures that water is used efficiently to maintain optimal plant 
turgidity without excessive runoff or water wastage 

Light intensity showed the largest variation among the monitored parameters, ranging 

from 0 lux to 14,041 lux, with an average value of 2,365.73 lux. Peak light intensity occurred 

during daylight hours, while values decreased significantly during the evening and night. The 

recorded data confirm that the light sensor effectively detected real-time changes in natural 

illumination, which strongly influenced temperature and humidity dynamics within the 

system. 

The nutrient reservoir water level remained relatively stable throughout the observation 
period, ranging from 9.67 cm to 14.55 cm, with an average level of 11.91 cm. Minor 

fluctuations reflected nutrient usage during root spraying and automatic refilling by the 
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pump. This stability indicates that the water level sensor and control mechanism operated 

effectively to maintain adequate nutrient availability. 

Overall, the results presented in Figure 5 demonstrate that the aeroponic automation 

system was able to monitor and regulate environmental parameters in an integrated manner. 

The stable ranges of temperature, humidity, light intensity, and water level confirm that the 

system provided a suitable and controlled growing environment to support optimal aeroponic 

plant growth. 

Plant growth measurements comparing the automated aeroponic system and the 
conventional system are presented in Figure 6. The observed parameters include stem height, 

number of leaves, leaf width, and leaf length, which were monitored throughout the 

cultivation period. o evaluate the performance of both systems, data were collected from a 

total of 40 plants (n = 20 for the automated aeroponic system and n = 20 for the conventional 

system). An independent-samples t-test was conducted for each growth parameter to 

determine if the observed differences were statistically significant. 

As shown in Figure 6(a), automated system stem height increased from 10 cm to 35 cm 

(averaging 20.11 cm). Conversely, conventional system plants grew from 10 cm to 27 cm 
(averaging 16.22 cm). Stem elongation was faster and more consistent in the automated 

system, especially between days 9 and 18. The final 8 cm difference indicates the automated 

system more effectively supported vegetative growth. 

The number of leaves is presented in Figure 6(b). Automated system plants increased 

from 10 to 19 leaves by the end of observation, while conventional plants increased from 10 

to 17 leaves. This higher leaf production reflects enhanced formation of photosynthetic 

organs, positively contributing to plant growth. 

 

Fig. 6. Plant growth measurements. 

Leaf width measurements are illustrated in Figure 6(c). Automated system leaf width 

grew from 1.0 cm to 2.0 cm (averaging 1.68 cm), whereas the conventional system increased 
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from 1.0 cm to 1.8 cm (averaging 1.51 cm). Despite a small difference, the trend consistently 

favored the automated system, indicating better conditions for leaf expansion. 

The development of leaf length is shown in Figure 6(d). Automated leaf length increased 

from 3 cm to 7 cm (averaging 4.98 cm), compared to the conventional system's increase from 

3 cm to 5 cm (averaging 3.97 cm). This suggests optimal leaf development under automated 

control, potentially increasing the effective photosynthetic area.  

 Overall, the results in Figure 6 demonstrate that the automated aeroponic system 

produced superior growth across all parameters. This improvement likely stems from the 
system’s ability to maintain stable environments and consistent nutrient supplies, optimizing 

physiological processes for more efficient growth. 

4 Conclusion 

The development of the aeroponic system was successfully carried out through the design 

and implementation of an Arduino Uno–based automated control system capable of 

monitoring and regulating key environmental parameters, including air temperature, air 

humidity, light intensity, and nutrient reservoir water level. The system integrated DHT22, 
BH1750, and HC-SR04 sensors with automated actuators to enable real-time monitoring and 

adaptive control. Sensor performance evaluation showed low average errors of 0.51% for air 

temperature, 1.95% for air humidity, 0% for water level, and 3.34% for light intensity, 

indicating reliable sensor performance for continuous operation. During system testing from 

21 December 2025 to 07 January 2026, environmental conditions were maintained within 

suitable ranges, demonstrating that the automated control logic effectively responded to 

environmental variations without manual intervention. 

 
This publication was funded by the Indonesia Endowment Fund for Education (LPDP) on behalf of the 
Indonesian Ministry of Higher Education, Science and Technology, and managed under the EQUITY 
Program (Contract Number 4308/B3/DT.03.08/2025 and B/284/UN39/HK.07.00/2025). 
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